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EFFECT OF PARTICLE CRUSHING ON SHEAR BEHAVIOUR OF 
GANDHINAGAR FLY ASH UNDER MONOTONIC & CYCLIC LOADING 
CONDITIONS 
 
Fly ash is a by-product generated by coal combustion from thermal power plant. The 
increase in the production of fly ash and its safe disposal is of major environmental 
concern. Geotechnical utilization of fly ash as a structural fill material in highway, 
railway embankment and approach embankment for bridges etc. forms a prominent 
solution to its disposal problem. Fly ash particles are hollow, spherical, silt size with 
low specific gravity. It consists of cenospheres (hollow particles) and plerospheres 
(hollow particles filled with smaller particles). The increased use of fly ash in 
geotechnical applications raises the need to study its engineering behavior in detail. 
Current study focuses on the crushing behavior of fly ash as it is highly susceptible to 
particle breakage under the application of external loading. Hence, it is important to 
evaluate its monotonic and cyclic shear behavior after crushing for the design and 
construction of geotechnical structures. In the current research, an extensive research 
was conducted on fly ash to study the following: a) Effect of particle crushing of fly 
ash on monotonic shear behavior under isotropically consolidated undrained and 
drained loading. b) Effect of particle crushing of fly ash on cyclic shear behavior 
under two-way displacement controlled cyclic triaxial loading. Scanning electron 
microscope (SEM) image analysis was conducted to evaluate the crushing of fly ash 
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particles at its microscopic level. It was found that hollow cenospheres got crushed 
and plerospheres were broken and deformed. Both undrained and drained test results 
revealed a significant decrease in the shear strength with the increase in crushing 
cycles. The increase in fines content due to crushing resulted into the increase of 
inter-particle void ratio. Excess pore water pressure changed from negative to positive 
indicating transformed behavior of fly ash from dilative to contractive at different 
crushing cycles. Similar behavior was observed in volume change response of drained 
tests. Cyclic triaxial test results reported that liquefaction occurred in fly ash at all the 
crushing cycles.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
